Summary: A method for the measurement of vapor-liquid equilibrium is described which is based on a dynamic flow type "vapor-liquid flow method". The method consists of passing a gaseous mixture under steady state conditions through an equilibrium cell where partial condensation occurs. An equilibrium state is obtained between the liquified porition and remaining gas and these two phases are removed continuously to gas sampling ports.
Vapor-liquid equilibrium data are reproted for n-butane-isobutane, n-butane-vinyl
From experimental results for n-butane-isobutane which is believed to form an ideal solution, negative deviation from ideality was shown and the activity coefficients for lighter component (isobutane) was shown to be less than unity and no cross-point in activity coefficient was found for the system.
Finally, experimental data for n-butane-isobutane and n-butane-vinyl chloride were tabulated in smoothed forms which were obtained using a smoothing method proposed by the authors which was based on a simple relation in equilibrium ratio of the constituents. Vapor Temperature was measured at the center of the constant temperature bath which was controlled by means of an electric lamp (60w/100v) placed near copper coils in which circulated the cooling was achieved by use of electric refrigenerator.
water.
Pressures were measured with a mercury manometer for low pressure ranges (through 2,000mmHg) and a Bourdon tube gauge of gauges were checked against barometric pressure and a dead weight pressure tester.
Gas Sampling Samples from the equilibrium vapor and liquid phases were taken from two sampling ports placed immediately after the flow regulating valves as shown in Fig. 1 (V-1 and V-2), This method offered the advantage of virtually no dead space and no composition change, so that the gases leaving the equilibrium cell had the same compositions as those in the cell; no evacuating and flashing procedures were needed. The amount of the sample was about 1ml. of gas. Analytic Procedure All analysis for n-butane-isobutane system were made on a Toshiba-Beckman GC-2A gas chromatograph equiped with 3.6m. n-hexadecane column with helium carrier gas at 33ml/min., Hirata and Suda: Equilibrium Measurements at 200mA. For n-butane-vinyl chloride and n-butane carbon dioxide systems, a Hitachi KGL-S gas chromatograph was used with a 2m n-hexadecane column, nitrogen carrier gas (flow rate 30ml/ min. ), cell current at 120mA, and temperature
Materials
The materials used were; Vapor-liquid equilibrium relations are given in Table 1 for n-butane-isobutane system. Results for n-butane-vinyl chloride are shown in Table 2 and those for n-butane-carbon dioxide in Table  3 and Table 4 .
Smoothing Method of the Experimental Results
The authors2),10) have proposed a method for smoothing experimental vapor-liquid equilibrium data based upon a simple and rigorous relationships in K-values of constituents.
Equilibrium K-ratio is defined as in Eq. 1;
Ki=yi/xi Eq. 1 In plotting K1 versus x1 relation on a graph, if smoothed curves are carefully drawn through the experimental points, graphically given values of K1 and K2 on a fixed composition axis must agree with calculated values in Eq. 2 and Eq. 3. This procedures for finding one pair of correct relations in Ki-xi until the best curves are found.
Fortunately, the next two relations can be available, that is, K1 and K2 have limiting values of unity at 0% and 100% of each pure component, and at the critical or azeotropic point, both K-values converge simultaneously at unity. These conditions aid in determining the shapes of the curves and adjusting experimental errors. Table 6 . Experimental data at and y-x vs. x relations and reported values at 11.92 atm. in Fig. 7, Fig. 8 , and Fig. 9 , respectively. Cross point at near 43% vinyl chloride was observed between the actual and the ideal behaviors. Fig. 10 shows changes in relative volatility with concentration. As the concentra- Finally, the ratios of the activity coefficient were plotted against composition and shown in Fig. 11 . With respect to the concentration axis, the two areas under the curves are +0.0258 and -0 .0399, respectively and a net difference in area is -0.0141.
This indicates that if the GibbsDuhem equation is valid, themodynamic consistency is limitted to about 80%. However, as indicated in the case with n-butane-isobutane system which is believed to form a nearly ideal mixture, it is considered that with such an approximate method it will be impossible to evaluate and discuss the reliability of the data.
For n-butane-carbon dioxide system, experiments were limited to only a few per cent carbon dioxide for the liquid phase and those data were tabulated on Table 3 . Data were taken for dew point relations in the vapor phase up to about 86 mole % CO2 (see Table 4 ). Fig. 12 . and Fig. 13 show these results. Almost linear solubility relations were observed in liquid phase . 
